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The radioprotective effect of acetyl salicylic acid against radiation injury to rat salivary
glands was reported but its interrelationship with the expression of heat shock protein 60;
an endogenous cytoprotectant against various stressful stimuli has not been previously
defined.
Objective: The purpose of this study was to monitor the expression of heat shock protein 60
in irradiated and acetyl salicylic acid radioprotected rat submandibular salivary glands.
Design: Twenty six adult male Albino rats were used in this study. The control group was
not exposed to irradiation nor administered acetyl salicylic acid. The irradiated group was
exposed to a single dose of gamma radiation (6.5 Gy). The radioprotected group was irra-
diated as the previous group and received acetyl salicylic acid in drinking water (2.5 g/IL)
one week before the exposure to irradiation and continued one week after. Animals were
killed and the submandibular salivary glands were excised to be examined histologically
and immunohistochemically for the expression of heat shock protein 60.
Results: Histopathological examination of the submandibular salivary glands of irradiated
group revealed acinar and ductal damage accompanied by weak to negative heat shock
protein 60 immunoexpression. However, minimal radiation-induced damage was noticed
in the radioprotected group, which immunohistochemically demonstrated localized heat
shock protein 60 overexpression in its parenchymal elements.
Conclusion: The findings of the present study suggested the association of heat shock
protein 60 overexpression with reduction of histopathological damage in acetyl salicylic
acid radioproprotected rat submandibular salivary gland.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).can Unity St, Abbasia, Cairo, Post. no. 11566, Egypt. Tel.: þ20 01001783456.
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Stress events induce the expression of a set of highly
conserved proteins known as heat-shock proteins (HSPs) or
stress proteins which were originally identified as proteins
that are up-regulated in response to elevated temperatures
and also induced by a wide range of noxious or stressful
stimuli. HSPs are divided into five major families according to
their principal molecular mass, their antigen reactivities,
peptide sequence homologies and intracellular functions
(Whitley, Goldberg, & Jordan, 1999).
A growing body of evidence indicates that HSPs are pro-
duced in response to an initial sublethal stress to protect cells
from subsequent exposure to more severe one (Amin,
Cumming, Coffin, & Latchman, 1995; Samali & Cotter, 1996).
Under stress, they have been reported to play a fundamental
role in themaintenance of cellular homeostasis by facilitating
the proper refolding of misfolded proteins and assisting in
their elimination if they become irreversibly damaged
(Voellmy, 2004). Overexpression of HSPs protects cells, tissues
and organs from harmful assaults (Park et al., 2000; Wu &
Tanguay, 2006).
HSPs can also be found at a significant rate in non stressed
cells, implying the existence of a physiological role of these
proteins in normal cells. As a reflection of this role, these
HSPs; including HSP60 also known as chaperonin 60, have
been referred to asmolecular chaperones (Ellis, 1987) assisting
in protein synthesis, folding, intracellular transport and
degradation (Lu & Li, 2007). Studies reported that the induced
high expression of HSP60 by a variety of experimental
methods offered a certain degree of protection for pancreatic
tissues (Kim et al., 2011; Lee et al., 2000; Otaka et al., 1997;
Takacs et al., 2002).
The cytoprotection of HSPs against cytotoxic agents and
environmental stresses was found to be mediated by their
functions as molecular chaperones or modulators of intra-
cellular levels of reactive oxygen species (Calini, Urani, &
Camatini, 2003; Mehlen et al., 1995). Ionizing radiation is
well known to produce free radicals and reactive oxygen
species (Das, 2002) that causes intracellular damage. It was
previously reported that irradiation induced the major heat-
shock protein 70 in cultured cells (Calini et al., 2003;
Gehrmann et al., 2005; Park et al., 2000).
Radiation therapy used as a fundamental treatment for
head and neck cancer causes irreversible structural and
functional damage of salivary glands in irradiation field
(Grundmann, Mitchell, & Limesand, 2009). One of the ap-
proaches to minimize damaging effects of radiotherapy is the
use of radioprotectors. Several in-vivo studies have provided
evidence suggesting that acetyl salicylic acid (ASA), one of the
non-steroidal anti-inflammatory drugs, can protect different
normal tissues (Hanna, 2002; Van Kleef, Te people, Oussoren,
Vanderwal, & Stewart, 2000) including the salivary glands
(Goldberg, 1986; Mehanni, Farid, & El- Maghraby, 2006) from
radiation injury. Moreover, it is now established that ASA
could be used as an anticancer agent (Corley, Kerlikowske,
Verma, & Buffler, 2003). It would appear that using both ASA
and radiation could offer significant therapeutic gain,
whereby ASA provides not only radioprotection to normaltissues, but also offers additive antitumour effect. Meanwhile,
ASA has been previously reported to induce HSP60 (Amberger
et al., 1999).
Considering the cytoprotective role of HSP60 in exocrine
cells, pharmacological compounds that enhance the cellular
heat shock response might also have radioprotective poten-
tial. The purpose of this study was to determine whether
HSP60 is involved in ASA radioprotection of the irradiated rat
submandibular salivary gland (SMG).2. Materials and methods
2.1. Animals
Twenty six adult male Albino rats weighing from 150 to
200 gm were used in this study. They were acclimatized for
one week under standard conditions before beginning the
experiment. They were supplied with a diet composed of
bread, powdered milk, fresh vegetables and water ad libitum.
Animals were handled and treated in accordance with the
ethical principles for the care and use of laboratory animals
prescribed by institutional guidelines of the ethical committee
of scientific research faculty of dentistry, Ain Shams Univer-
sity (FDASU-REC). The experimental animals were randomly
divided into three groups:
1) Control group (n¼ 6): whichwas not exposed to irradiation,
nor given ASA. Half the group was sham-irradiated; i.e
anesthetized and placed in the irradiator but had no radi-
ation delivered.
2) Irradiated group (IR) (n ¼ 10): exposed to gamma
irradiation.
3) Radioprotected group (RP) (n ¼ 10): which received ASA
supplied as tablets of 320 mg (Arab Drug Company) in
drinking water (2.5 g/1 IL) (Mehanni et al., 2006; Van Kleef
et al., 2000), one week before the exposure to gamma ra-
diation (Mehanni et al., 2006). The ASA administration
continued up to one week after irradiation.
Animals of the three groups were deeply anaesthetized
and sacrificed one week post-irradiation date.
2.2. Irradiation
Rats of IR and RP groups were first sedated with ether. They
were placed on a sheet of cardboard and secured by tapeswith
their ventral surface being exposed to the irradiation source.
Head and neck regions of animals, including bilateral SMGs,
were exposed to a single dose of 6.5 GY (Mehanni et al., 2006)
from cesium-137 ventilated gamma cell 40 belonging to the
National Centre for radiation research and technology
(NCRRT) at a dose rate of 0.61 Gy/min.
2.3. Tissue preparation
Both SMGs from all groups were harvested carefully. Tissues
were fixed in 4% paraformaldehyde (Sigma, USA), processed to
be embedded in paraffin and sectioned at 5 mm. Half of the
sections were stained by Hematoxylin and Eosin (H&E) for
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immunohistochemical detection of HSP60 using a universal
kit (LabVision, USA).2.4. HSP60 immunohistochemistry
For immunohistochemical staining, paraffin blocks were cut
at 4 mm thick sections and were mounted on electrically
charged glass slides. Sections were deparaffinized with
xylene and rehydrated in graded alcohol. Sections were
immersed in citrate buffer and treated in a microwave
before the staining procedures. Peroxidase-antiperoxidase
method of immunostaining using the biotin-streptavidin
system was carried out. Three % hydrogen peroxide was
applied to the sections to block endogenous peroxidase ac-
tivity. The sections were immunolabeled using the primary
mouse anti-HSP60 monoclonal antibody (1:1000 diluted)
(LabVision, USA) and then incubated overnight at room
temperature. After rinsing with phosphate buffered saline
(PBS), sections were incubated with the link antibody, fol-
lowed by streptavidin labeling antibody each for 30 min.
There were at least three PBS rinses between incubations.
Finally, slides were DAB-stained, and, after a complete tap-
water rinse, were nuclear re-stained with hematoxylin,
conventionally dehydrated, and mounted for examination
using an Olympus microscope (Germany). As negative con-
trols for immunostaining, PBS was used to replace the pri-
mary antibody.2.5. HSP60 immunohistochemical assessment
Immunohistochemical stained sections of the SMGs were
randomly selected from control, IR and RP groups. HSP60
immunoreactivity was assessed by the image analysis
software (Image J, 1.34i, NIH, USA). Images were acquired by
a high resolution single-chip CCD video camera. A total of
five adjacent medium power microscopic fields were
analyzed at the original magnification of X20 in each group.
Automatic rather than operator guided color threshold was
adopted to achieve maximum standardization. Computer-
ized calculation of the total surface area of the positive
immunoreaction was expressed as a fraction (percentage) of
the total surface area of the microscopic field and was
recorded. This procedure was carried out at the Oral Pa-
thology department, Faculty of Dentistry, Ain Shams Uni-
versity, Cairo, Egypt. It was independently performed by a
pathologist, blinded to the experimental design and
treatment.2.6. Statistical analysis
All recorded data, represented by mean ± standard deviation,
were analyzed using analysis of variance (ANOVA; SPSS 12.0
software). Statistical significance was assessed as p < 0.05
(significant) or p < 0.001 (highly significant).3. Results
3.1. Histopathology and immunolocalization of HSP60
3.1.1. Control group
Normal architecture of the glandular elements of the SMGwas
revealed in the control group (Fig. 1A). In immunohisto-
chemical stained sections of all groups, positive staining was
cytoplasmic and generally appeared brown with a granular
pattern. No HSP60 labeling was observed in negative controls
of immunohistochemical stained sections. A constitutive
weak HSP60 expression was observed in almost all the SMG
parenchymal elements of the examined control sections. It
was mainly localized in the acinar cytoplasm, in the apical
portion of few granular convoluted tubules (GCTs) cells and
almost all duct system cells (Fig. 1B & C). However, a clearly
expressed immunostaining was detected in the apical portion
of some intercalated duct cells (Fig. 1B).
3.1.2. Irradiated group
The acinar and ductal system of this group showed degener-
ative changes. Many acini demonstrated ill-defined cell bor-
ders. Some SMG examined areas showed apparent reduction
in acinar size presented as noticeable interacinar spacing. On
the other hand, other areas did not express the previous his-
tological finding clearly. Most acini showed darkly stained
cytoplasm and many hyperchromatic nuclei. Different sized
vacuoles and pyknotic nuclei were detected in acini, GCTs and
ducts. Degenerative areas were observed in acini and GCTs.
Many GCTs and striated ducts appeared reduced in size when
compared with the control group, this was demonstrated by
the periductal spacing (Fig. 2A). Areas of hemorrhage
appeared interlobularlly and some extravasated RBCs could
also be detected in between the acini (Fig. 2B).
Immunohistochemical staining showed weak positive
HSP60 immunolabeling of the acini, however, acinar cyto-
plasmic vacuoles lacked the immunostaining. Weak HSP60
expression was focally immunodetected in the apical cyto-
plasmic portion of few intercalated and striated duct cells,
however, most intercalated and striated duct cells showed
negative immunostainning. The GCT cells showed a variation
in the intensity of their immunostaining, ranging from posi-
tive to frankly negative. Positive immunostaining of the apical
portion of GCT cells was either weak as that of the control or
more expressed in some other cells (Fig. 2C).
3.1.3. Radioprotected group
The SMG of the RP animals presented a remarkable
improvement in the structural integrity of the glandular ele-
ments structures. The acini structure appeared to be
remarkably normal, although some acinar cells showed
pyknotic nuclei. The duct system was also relatively unaf-
fected with the exception of some shrinkage of few GCTs and
ill defined basal striations in some striated ducts cells (Fig. 3A).
Generalized positive HSP60 immunostaining was detected
in the glandular parenchymal components with
Fig. 1 e SMG of the control group. A (H&E stained section, orig. mag.X200): normal histological features of the glandular
parenchymal elements. B (Anti- HSP60, orig. mag.X 200): Positive cytoplasmic immunolabeling of HSP60 in parenchymal
structures. C (Anti-HSP60, orig. mag. X 400): positive cytoplasmic HSP60 immunostaining in striated duct cells.
Fig. 2 e SMG of IR group: A&B (H&E stained sections, orig. mag. X200) A: Vacuolizations (arrow head), pyknotic nuclei (black
arrows) and degeneration (D) of acini and ducts are seen. Some acini show hyperchromatic nuclei and noticeable interacinar
spaces. Both GCTs and striated ducts are surrounded with space. B: Interlobular hemorrhage. C (Anti- HSP60, orig. mag. X
200): Weak positive HSP60 immunolabeling of the acini. Many intercalated (I), striated duct cells as well as GCT cells are
negatively stained. Clear positive reaction is seen in apical portion of some GCT cells (G).
Fig. 3 e SMG of the RP group. A (H&E stained section orig. mag. X 200): Most acini, striated ducts as well as GCTs show
histological structure almost similar to those of the control group. Few acinar cells show picknotic nuclei and few GCTs
appear with periductal spacing. B (Anti- HSP60, orig. mag. X 200): Generalized positive HSP60 immunostaining in the
parenchyma with some localized overexpression. C (Anti- HSP60, orig. mag. X 400): Striated ducts presenting strong HSP60
granular immunostaining in their entire cellular cytoplasm.
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HSP60 overexpression was also detected in the cytoplasm of
striated duct cells and was mostly seen as a large number of
brown granules concentrated in thewhole cytoplasm (Fig. 3C).Fig. 4 e Demonstrating the relations betweenmean surface
areas of the positive HSP60 immunostaining in the control,
IR and RP groups.3.2. Statistical results
Using one way ANOVA, there was a highly significant differ-
ence between the groups (f ¼ 39.01, p < 0.001). Post-Hoc LSD
showed highly significant increase in mean surface area of
positive immunohistochemical staining of HSP60 in the RP
group as compared to control (p < 0.001). However, therewas a
significant decrease in the mean surface area of HSP60 posi-
tive staining in the IR group as compared to RP group (p < 0.05)
(Table 1, Fig. 4).4. Discussion and conclusion
The expression of HSPs is induced in response to a variety of
chemical and physical stresses (Morimoto, 2008). Salivary
glands are exquisitely sensitive to radiation. Early (acute) ef-
fects occur within a few days or weeks of irradiation, due to
high levels of cell death (Grundmann et al., 2009). Radio-
protectors are used to mitigate the toxic effects of ionizing
radiation on normal tissues. Studies on ASA have indeed
shown some evidence of radioprotection on the salivary
glands (Goldberg, 1986; Mehanni et al., 2006). Rodents,
particularly rats, irradiated with a radiation dose of 2.5e15 Gy
have been frequently employed to study the influence of ra-
diation exposure on salivary glands as the administered doses
produced an observed significant loss of salivary function
(Nagler, 1998). Hence the present study was conducted to
evaluate the association of HSP60 in the ASA radioprotection
of the Albino rats' SMG.
In this study, immunnohistochemical stained sections of
the control group showed a constitutive expression of HSP60
in most of the glandular parenchymal elements. It was pre-
viously reported that HSP60 family having both heat-inducible
and constitutive members; similar to HSP70 family, function
in normal cellular processes as well as in stress tolerance
(Sharma et al., 2006). Previous studies have pointed out that
HSP60 functions are constitutive and wide ranging, including
correct folding of nascent polypeptides, prevention of unde-
sirable protein aggregation and protein transport across
membranes (Sarangi et al., 2013; Soltys & Gupta, 2000). To our
knowledge, expression of HSP60 in normal rat SMGs acini of
this study represents the first description of this HSP expres-
sion in rat's salivary gland. Yet, in parallel, it was expressed in
normal rat pancreatic acinar cells (Cechetto, Soltys, & Gupta,Table 1 e showing the mean surface area of the positive
HSP60 immunostaining in the SMG elements of the
control, IR and RP groups.
Group Mean ± SD
Control 36.71 ± 10.33
IR Group 65.67 ± 5.53
RP Group 80.12 ± 7.062000; Li, Gingras, Londono, & Bendayan, 2003). It was previ-
ously established that HSP60 as a chaperone, plays key roles in
the proper folding, assembly, packaging and aggregation of
pancreatic secretory proteins as well as, in the prevention of
premature enzyme activation in the zymogen granules (Arias,
Velez-Granell, Mayer,& Bendayan, 2000; Cechetto et al., 2000).
Therefore, the detection of HSP60 throughout the cytoplasm
of acinar cells in this study could be related to high and
continuous levels of secretory protein synthesis activity of
these cells (Slater et al., 1997). It is worth mentioning that the
immunohistochemical expression of other HSPs (HSP27, 70
and 90) was previously reported by (Vanmuylder, Evrard,
Daelemans, & Dorouv, 2000) in the striated and excretory
ducts lining cells of human adult parotid salivary glands.
However, none of these HSPs was detected in the acinar cells
which are the cells primarily involved in active protein syn-
thesis in contrary to the low protein synthesis activity of the
duct cells.
DNA fragmentation and damage is the primary effect of
ionizing radiation on cells (Goaz & White, 1994). Irradiation
has also been considered to be the major mechanism gener-
ating reactive oxygen species that lead to tissue damage (Das,
2002). In this study, the IR group revealed histopathological
damage in the acini and duct system in the form of cyto-
plasmic vacuolizations and pyknosis of nuclei which is
consistent with studies conducted on irradiated salivary
glands (Aonuma, Nasu, Iwata, & Yosue, 2004; Mehanni et al.,
2006). The radiosensitivity of the rat SMG could be attributed
to its acinar secretory granules content of large amount of
heavy metals as Zn, Mn and Fe. These materials have the
capacity to form redox systems with a higher sensitivity to
ionizing rays (Abok, Brunk, Jung, & Ericsson, 1984). As irradi-
ation destroys the membranes of secretory granules, the
leakage of redox-active metals into the cytoplasm induces the
formation of free radicals enhancing the process of cellular
death (Nagler, 2002). Dilated blood vessels, interacinar
extravasated RBCs and interlobular hemorrhage were detec-
ted in the IR group of this study. This could be explained on
the basis that irradiation activates various cellular signaling
pathways that lead to expression and activation of proin-
flammatory and profibrotic cytokines (Chen et al., 2003), in
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cascade (Paris et al., 2001).
On examining the immunohistochemical stained sections
of the IR group, positive HSP60 immunostaining was demon-
strated in acini and some ductal cells system. Previous studies
reported induction of major HSP70 by gamma rays in vitro
(Calini et al., 2003; Gehrmann et al., 2005; Park et al., 2000) and
it was found to protect cells from gamma rays induced-DNA
damage (Calini et al., 2003). Expression of HSP60 in the IR
group of this study could be related to the fact that ionizing
radiation as a stress induces unfolding of intracellular pro-
teins. So as a molecular chaperone, HSP60 assist in the proper
refolding or degradation of abnormally folded proteins
(Voellmy, 2004). Another proposed HSP function could be the
scavenging of radiation-induced radicals (Olive & Banath,
1995) a function that could be fully shared with HSPs re-
ported to be modulators of intracellular levels of reactive ox-
ygen species (Calini et al., 2003; Mehlen et al., 1995). On the
other hand, several cells failed to demonstrate positive HSP60
expression in the IR group, meanwhile, it was reported that
degenerating cells cannot synthesize new proteins including
HSPs (Fujimori et al., 1997). On the basis of these results, it
could be speculated that in the IR group when cells were
damaged beyond repair, negative or nil HSP60 expression was
observed. In spite of the positive immunohistochemical
expression of HSP60 in some parenchymal elements of the
gland specimens, it was observed that HSP60 failed to prevent
the irradiation damaging effects. This was clearly expressed
on examining the histological sections of irradiated groups. As
a molecular chaperone, HSP60 is a cyto-protecting factor and
is able to increase its expression to antagonize cell-injuring
factors. However, some investigators suggested that the fail-
ure of cells to induce HSP, when potent irritation occurs,
might contribute to the progression of the inflammatory
process (Li et al., 2010). In our opinion, expression of HSP60
with irradiation stress could not play its needed protective
role in the SMG. Yet, further studies are needed to reveal the
irradiation doses that could increase HSP60 expression with a
level providing adequate radioprotection.
In the present study, ASA was shown to markedly reduce
SMG radiation-induced histopathological damage which is in
agreement with study of Mehanni et al. (2006). Furthermore,
interlobular hemorrhage and extravasated RBCs detected in
irradiated rats specimens were absent in the RP group. This
was in accordance with the study of Hanna (2002) reporting
the protective effect of ASA on the liver blood vessels of irra-
diated rat. The radioprotective effect of ASA could be related
to its ability to scavenge radiation induced free radicals and to
reduce the induced DNA damage in a concentration depen-
dent manner (Mehanni et al., 2006).
Immunohistochemically, generalized HSP60 immuno-
staining was detected in the RP group with overexpression in
some parenchymal areas. Furthermore, a statistically signifi-
cant (p < 0.05) decrease in the mean surface area of HSP60
immunostaining was revealed in IR group when compared
with RP group. This observation is in accordance with the
study of Amberger et al. (1999) reporting that ASA enhanced
the induction of HSP60. It is worth mentioning that in the RP
group, HSP60 overexpressionwas associatedwith reduction of
histopathological damage when compared with the IR group.This is consistent with studies conducted on pancreas (Kim
et al., 2011; Lee et al., 2000; Otaka et al., 1997; Takacs et al.,
2002) reporting that HSP60 overexpression offered a degree
of tissue protection. Furthermore, Simon et al. (1995) further
clarified that activation of HSPs protects protein moieties and
increase cell survival enhancing radioprotection. The same
investigators related this to inhibition of pro-inflammatory
cytokine expression (IL-1 and IL-6), involved in initiation of
acute phase response and progression of inflammatory
process.
In the present study, pretreatment of the RP group with
ASA could have induced HSP60 in the glandular cells and with
the subsequent potent irradiation stress, cellular damage
might be attenuated. So, cells still could produce HSP60 to
maintain and normalize the intracellular environment. This
assumption could be related to the findings of Calini et al.
(2003) who reported that overexpression of HSP70 prior to
irradiation greatly reduced DNA damage.
In conclusion, it was found that ASA protected subman-
dibular salivary gland from the irradiation hazards. This pro-
tective effect could be attributed to HSP60 overexpression.
This finding also raised the possibility of SMG radioprotection
by manipulation of HSP60 expression.Conflict of interest
None.
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